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(54) NONDESTRUCTIVE INSPECTION METHOD AND DEVICE AND SEMICONDUCTOR CHIP 

(57)Abstract: ^ ^ 

PROBLEM TO BE SOLVED: To provide an inspection 
method by which resistance increasing defects including 
disconnection and leakage defects including short- 
circuits of a semiconductor device are efficiently 
detected. 

SOLUTION: Leakage defects 8 including short circuits 
and resistance increasing defects 28 including 
disconnection can be inspected in a nondestructive and 
noncontact way, by detecting a magnetic flux 1 1 
inducted by an OBIC current 6 which is generated when 
a p-n junction 1 both ends of which are short-circuited 
by a conductor 600 is irradiated with a laser beam 2 by a 
fluxmeter 12. Inspection in process of the previous step 
can be performed by using a path inside a chip or a 
wafer substrate and a conductive film adhered to the top 
surface of the wafer substrate as a current path of the 
OBIC current 6. Inspection of a mounted chip can be 
performed by using the path inside the chip, the wiring 
on the equipped circuit board or the like. 
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$ft#3 00nm«i, Iol 20 0n 

y ^(DtfJlS p - n^&tMrCDiff^KiiijlE 
if tT— ^/45RSAt$tl-fct ^(-OB I C (Optical Beam I 
nduced Current) atti0l4t5OB I Cmffi&M 

hW.i^y-yy'h. tfJta^— f^—^WM^fit^hUa 

^ tr c t & ^tf «tt r & * 5 c r mws\ 

*0g, T?*> 5» 1 !BiW>#WiM*3fc£8s. 
[ffl#*Si4] IE^'ap$?2)V'»(4IE'S'tt^"C?{4ttlfSO B I 
C ttflftSS&75S«j& $ v ^flMBHMtjft-e, 

So 

[if*«5] jEttfifc5VM*jE*ttflB-T?llWEOB I C 

i Jbm 3 v^-r 4xt5- i mzsm<n$mm&&j3 

^SrjfeaEi-S * 7- y :/ & JEfc^trlWt* i Jbm 5 v 
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[if*«8] ^^S'^Op-ng^-^^$tU-C 

05 v ***8<D±ffi«£#«::tt* ufcSMWfcssittfcSS 1 mi 

2«««:S&lEOB I C««tt«l*) fcttbSBi: U. Wis&f& 1 
ffigB £ MIES? 2 ffigB i «) WSr3f^©llWS«ltt*»^ i 9 
a§ttUfc!»*Sl, 2, 4 3Z.(4 5V>-ftl7)-l^^fE^(0 

io #«w*se*S:. 

*<L\6 Srii 19 r co ^-L\#, i: fltflE^ 1 4SSS5 SrHS-SKiMU:: 
itSE-t-51H«^tdiB:*T?2»Six5iWrESBiiBffl«r*a 

15 ife, 

[If *il 1 O ] fflia^SM*?- y 7°(OS«c9±ffiii|^ 

20 «<§-cfo>9, tdiEOB i cmo£co mmn.tiiL&i&frifim* 

yf^ >-^-? y K^li/^ V^t)^ -y ^IfBSl <9 ffi L, y — 

— ^-/!is^ffi$tufc^flgr-fct), WIEob i cm^cosfiis 
^^M«^;$tt-5»*«i. 2, 4Xli5tWiSi: 
30 llf*lSl3] «3e»*»iWEiN»fl:^y7'H:*ai-C 

K»K±i:Sr^*«^:SH5l»**l, 2, 4Xli5V> 
1 4 ] tftlEttsftSKtt, WIEIhI!M£«±<o 2 
i-5a*:75ST-# 5> PS 9 SV -{^fT*>^ Lfch>4v> J; 5 
40 [if*«l5] ME@K*«±©tJ&E««H£l&<0«t 1 

9 13 Ufclt*3S 1 3 XI4 1 4 ffi<ft«)#?R«»aE*jfe. 
tf»*l. 2, 4X»5V^iLA»l*^lE*«?*««tft 
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!f#§§2 O 02-31 3859 



+rf*— rat-Ti/^r t*&mk-rz>n#3Mi, 2, 

1 »#* 1 8 ] mmtm m^sa* sesn^** 
^-»c«ti5«^;$nfcit*«i7i;Si 7vvf*ta>iJgiwie 

2 0] ft 4 * X y 7*T?t*tti Lfc#SM.rot 
t *^IB*#gHw|a«-*-4 JB 7 * :r y ^ 

fg&^tf m 1 ^ti^ y T'XtWB 2 y 
|;oV^> 2fcB:/6 5 3 0 0 nm}^±^ lol 2 0 0 n mti 

if if— A&dfcriH-Sfgl^-ryT't, flfj 
IE u— if tr- a 3 y ^ro* 

t#(vlOB I C (Optical Beam Induced Current) 
l:iD«4t50B I cm«tS:j(E-f-fc«)CDmatS8SSrBff 

if f - A SrBMt felWaStt y /^M^I 

*£&*3£-t-3&3*.7 1 y:7 p £, ;«l3^f77 , tii 

ffJlEOB I C«aE*s«fi-t-58»RSrW*1*Ul^«»=«t9 

KtSI&XPfcSr^if y — * ^Pfew#»Sr*iJ3t-f-5 H 5 

lc|B«#«K:|EtfrrslB7^9 l y7 r i:S:*Ufc«» -tlx 
fWirol 7 *x y^T?IElSUfcSfIfae*fl*«Xlife 

1 HfeflttR c!2 «#f y ^ «?* 2 pftfeffig £ 
*»bl6«H»««r^l«UIElti-S*9^yy^ , i:, fltHES 

[it3}<^2 2] mum\^m^y^km^2^m 

ft^yT'irli, 'Pt£< k-b—JjftBk&X'bzmteZT-y 
l # <b jtg-f 5 3- * <o#jfa@f 5£ffi# t> l^J— =l#fife-e fo 

ftfy^t 11, |B]-^ y T'-el.ottFlE u~ if t - J»*m 



24] &t£<k hm 37.^ y^&Miz&mm 

05 X 9 u— iff— M.iD^m^m-r^sHQ^y'-yy'^ 
Kid^-trW*^ 1 2 3 v ^-f 1 ^.\z.^M.<om&$k 

I!t*3g2 5] fiSi!3 00nmKl, Iol200 

ttEu- If tr-A^fifrtE^^y^oS 
i^ldOB I C (Optical Beam Induced Current) 

F^«?r@^-t-5^i ®fe^m*w.icffi^ me.mt£.k 
WinmM^m^m t wft ^fits & @ ^ u fc * * , 

WIS u- —if if"— a as itfriE^fl^ y T-^Bf^^ S: jfe^E 

25 -r -s i 5 ufcBi 2 5 ta«w^?s«^^^e, 
[11**27] wia«m*ui*a©ffi:«*wiEisiisa6 

*wiWrlE*ilM*:^ y ^©0f 3e«*SrWE l — if if- AT- 

[«*92 8] tfJfEm^ 5 . fifiilT-T* 
3t^R' J: 9 «fi!c *J§ 2 5 2 7 v ^-r^^75- 1 « 

35 \-%zm<oimimm&mWo 

2»^-l'7'ODC^e^fiT- ; P?#»^T*fo5it*«2 815 

[»** 3 o ] mmm^m^xmia \^tt&mfn& 

Qmm-r 5 ph*3?^tSi i , $ b \z. ^ts 1**^ 2 5 75 

45 3g 2 9 1 ^*t*» i ^umnmmtk&giw* 

50 fEPi^WIB^^b, c<o«»oHIMIf*RM-e»ft**Sr 




[ffi**3 2] obi cm^nMM^'P^. 

[W** 3 3 ] MftStt&tFO B I cm5itCDm5ftSS& 

[if*^3 4] MIEOB I CttofttoMIEWStS^ + l- 
C RSKI9tt*XK#t-«llt#9l 3 3 fcf2*S<75#«#^ 

[|f*^3 5] #yf-f>'^S' KSHS;tfcf L y7'-T? 
5 if **I 3 2 75^ 3 4 1 *-f l *KSE*6 <D¥*{fc^ v 
[000 1] 

^KBSi"*. ttJjmRXf&mti: bit 

«f aww^if t ii* ~9—t£b mz&&m m<D&mz 

[0 0 0 2J 

(4, ^rtmifttfil rm^sa«SlQ&Aj , r^**mtt 

flj (1996.12.15) , p. 4 8©i^— ^tTi'blO 
tfS^b6n@S.O ? llll^^$H ; 5<t5^. 

[ooo3] m i 5 »4, ffijisro^afmsc^ifewisas: 

<Dtti± P - n^-& 1 <7>&l£]§<D9MRTfft-Unm 5\Z£ 

5 {Cb'C»ftiX'5fli»£liOB I C (Optical Beam Induced 
Current, £TF, #l:OBICit5) Stti^t 
5ft, B&LTOB I C®»fti:l*»itb-CV>5, C<DOB I C 

«»fc6 14, p-nS^i \zm.n\zw^.^M^.nmM i \z 

4.9, «aE*VM4«5(t<03Efl:l:U-C*ta**b5. HI 1 6 
14, OB I C*«E»rJ:9 4<:»S:*ai-5fC*Ofife««3« 

*m*B-t-z>tzi£>(vmx'hz>o mi 5 trnzmfcxp-n 

VS., U— iftf— A2 1 co4 Iffc*— Ari^Pl&cD 

^v^Frl-KM^ttfci: #14, Ell 5 (om^ttah^ 
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OBICtaE^SEiiS. — u-f-'t'-A 

(r^-g-tritJ^iSb, OB I cm^J4gtttb/iV\ 
05 lc±t)SM-§-Sriieii-f-5^P(&<Ofir»/JS#^#5 0 

[0004] rrop-nS^t-rooB ICStll 09*. 
ti^M?l 0-1 3 54 1 3^#t'^*$tbrv^s i 
5 K, p - n8teSl50>fclS6*ta«>fc*K:fiJJB £*x5fct7 

10 WT, Ell 7 CONSULS. tfEI 1 8ro¥BEISr# 

lUi/}^, r^Ssfcov^-cBWH-s. p-ntt-g-i 

0 0 1, 1 00 2, 1 0 0 3^iS?!ltC^^$H-Cl/^o 
^ p - nfl^fc 3feWfce*riSJ&*£*vC*J 9 » 

^(OE»*5|fS^te 1 0 2 8 CJ: »)lrit2> i: , Br&L 

15 tz.Mmt&m\zm8tznK- p -ng^ 1002 fctm, 

lx— if t*— A ^RBJt $ ixfcm, tew p - n SE^-SfB t <4M 
#5, 

[ooo5l ttroftittt, 1 5r>to»J<r?feW^ 

20 m?hl\Z><, m(4, Beyer, J. etal. , K ■ 

y4\?v97~ % (Appl. Phys. Lett.) vol.74, 

no. 19, pp. 2863-2865(1999), IC^nS 4 5 

25 (£Tr"£?^£^5) Sr, ^*-e*aE-rsfc*K:ffl 

—iff— A 2 ^^^^^2 0 OKRPJH-Si:, ^^-^ 
ft?, m?-3 i:EJL4C0^5^i-5 o r<£>®^--jE7L 
2tf4, Wx/n2 0 0 fw^^*^— &4§^-l- 

30 i4, mh\zmfe&L.mm-$-z*K ^mmm^^—tt 

^-a-{r|4, OB I C®«t6 t U-CSttuSo ^co«M/4 5 f^ 
SlKjfEl 1 Sr^'g^i^Ti^l^T- (SQU I D (Superc 
onducting Quantum Interference Device ) , SAT , ^ 
tSQUIDiti) »*trl 2T*^tBi-5„ 
35 [000 6] 

l4&(T<o<t 5 tefflmtf&Zo 
[0 0 0 7] m 1 «D^*KWT-(4, *1\ WA^Srlft 

tn-f-^fc^ir, ^s^is i: *m&?- y?b<om 

[0 0 0 8] *y7-f K^^UTt^, 

t mffi,m*mn.&)\zmMzmwi£thx\<^m <o m^x 
t£^it$>. ^Mtmmzn^n^tz.Mz\-i. obici 

50 mmfr : b'*l1&&<r> : %Z>'£X<OiS>'f >( ^>f/<y VizM 
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Lfc 9* ««W>aOE«rbfct> 
[0 0 0 9] *fc, flU5^cr><t 5 »«E^«a^fc^r* 

[ooio] » 2^a*ssfR<oBa*Att. *<7>is«P5is 

HJBI*jfK"e*>5. *2©tt*8*i bT##^cm2tc^ 

tffc. Beyer, J. et al. , T^f^-i K ■ 7 >f > ^ * • 
— (Appl. Phys. Lett.) , vol. 74, no. 19, pp. 2863- 
2865(1999), "Ctt. ««l*J-ft#£ r> ^/N-ecDO B I Cl 

iTCS>9. to^*ttil^5 0W^oS> Us) t? 

b-cia*sn-cv>5o 
[ooii] — ^#^y^+-«a«»^3B4-rs 

OB I cWtf±. *o««IES:^fflfcSiDlilS*v^IKD, 

y^-e^bfcOB i cist, -toNF^SK-ea 
i-s^fls^^^-efotbtf, Us) 

lnsgSJ:^<Sg«OBIClS^ai 
i-«fc*fctt. S QU I Da«tt©J6*i»«fc 1 GH 

ffll4^ia5V^*iajee*DC"SQU I DKifctfWSSJS 
^fi x iMHzStos±R-e*5o 
[0 0 12] £Jl±dS*«w^fci:t-*ofcawoWB-e 

[0 0 13] ¥9l*5*/<>f *a*9*'vrn*;*-e«iiS 
Xn-lfv^;* hX&Z> 0 b*>U r^SPgTiib^ 
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V\ #«S9^W«rfcTTV*S 0 WfciS^aa Six, ffi 

10 *-~*-U ^nir^^S^g^^^SOJ^ifflbrvN 

[0 0 14] tt*^¥i»fl^!/:*D# 
20 -ec7)®J^Jtv^ofcS^^T^b, SjfbiMfcS^JfcXtfKfi 

[0 0 15] Jlflqftlwte, «OB I CS*«rflilvOfT 
25 fohT#fc*fcooft»S:3B*^bfr5r fc-C. £9® 

y^teLsstvcfc. tt^te^^^T^ 

35 [0016lSt Y^m.<Ofemc 
[0 0 17] 

tt. iSS^ 5 3 0 0 n ±. JLo 1 2 0 0 n mJ^T<^l5 
■C *> S 4^ (7) ^ * ^^««B&1/I8 *«ffl £Hr tf^ 

tt$nfct#^OB I CSftl-J:5*4t50B I Cl 
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■7k. r<^|g3*xy^T-^1-5#PJt£i-:fcv^tft 

i2u— w-Mcxvft&rzmmoB i cm%tAm& 

IB^Wfr^ y ^©SWIMtjftfcdtrttrttW^BfcaBtf- 
[00 18] SiCtfiSR* 1 
[0 0 19] Sfc, «ft6WM*#Stt, fcp-n 

^£^j&bTv^5&i8Jgffit£K'>>fc< <t t>— mm^^ 

[0 0 2 0] ft. l5^t->/tll jE**1»-CB:«(J|B 
OB I cmSfEtr*N-5«5£iBli&^*JEfe$^v^fl(rlEfiPJt 

ieob i c««ft^»i-5«aEais* s «i^*ixs*riEfla4t 
mxM&-£tt&tm*iKm*iiZ> twfe-tz <t 5 kit?* 

So 

[00 2 1] U— If If— ^^*t^bnfcfi?.M.^ 

SBi^SrHSbfc**, ifllEU— iff— A^ftliE^ft: 
f- y y^fk^-r^ £ 5 1- bT t> «k v \ 
[0 0 2 2] ^fy^p-nS^«^$ 

n-cv *s»K0>±iE«£flrctt* bfci*««0>* i 

tfllE±ffilr*j-[6]i-5Tffiffi!lt-13:ftfc®2ffigpS:fifIia 
OB I CS»St&y £iib95£ fC, fltllE^lfflgBtSdlE^ 

t>T*^5o iifrE?^w**wJiffiMk£:#:l- 

«$MI ( iKJHl-e 2 ^ S ixi «rE» 1 4BSB Srft * * v 

[00 2 3] Sfc, «^EM*OffilB¥i»flc^!/^tt4!l«> 
IEOB I C«^<OSfHEmjj?tS?§/!>5tfifE^^^->7 p f# 

H\ llftlEI§IB&K-hO 2 ttM*3f)£«>Sett*S-<?S«-*" 
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IE u— if if— <fc 9 K bT t> J; v \ 
[0 0 2 4] *fc, AOMkoMie^NV^v^. a 

05 [0025] ^tt'fcs^itfy^^y 
[oo26] £*t, stjfEammai^gtt, 

10 -Y y©DC «fiiMfrMF# £ #tf ^e^fiT-^pj^* 
^tiOMt5©^S* bv\ 

[0027] !j?4 y^T-&ffibfc#Hg*l\6<D 

«Jlifc»fS bfc»«ttfa*vMifeflMBSr^b-C*irlE* 

[00 2 8] tt*S**^«>'5 5'*^tt«RRO t ^S' 

T'ttttSr^tp* 1 y ^XtWIS 2 if^*^ y -?<D 

20 =&^lroV^-C, &S/4 ? 3 0 0 nrnW-h, lOl 2 0 0 n 
mEAT<^©fflrtf'4>'5^— 1f3tSr^S-&, pJifeco if— 
J±mzMyt bfc u— if tr— a Sr^«-5SB 
is S9IEU— if lf-A!45^3E?Sf*-efcSS^3J(*:^y 

25 SUfc 1 1 CO B I C^Jfet i 9 «4t S O B I Cfjit 

%Z*'ry7k. JffiiE u— if f— ^SrflSSt b^*sp> WIE 
m &*m#3- y T'roglf Sr ifeSE-f 5«3^fy7' 

30 u-if f— AiritJ^-r^StflEOB I c«SE*s»ie-r 

mx?& ^■sttm.um^^y. ttmnxib sr-^tr y - ^ x 

35 RS<7?^»f^*IJ^i--5^5^.xy7 P t, ffi|E«-fiP.lt^«0^ 

^fy/i SrMbfc^, ^tt ; eix^cro^7^^y^ , T* 
ia*bfcffiE^«*Xr±fefl!f«i:lWrEBR4tjS«5ffi*« 
40 $6^#tfME^l^^y^miiii«-1ff8i^2^ 
S»flc^y^«>j|S2H«l*ai:*»5>^§ft**S:*fiitbSE« 

[0 0 2 9] r<Di£, Mffijgl^flE^y^tSfnE* 
45 2^*fyyi:l±, '>4<tt-*l46fnt*>5*4 
^^^y^T-J-OlD-W^-C-fo D . JECSftEu— if 
tr — A S: RR*t b * b jfeSE-f - 5 * * WEFJt^W^ t ID 
— «fiE-e*>5<o*sa*bv^ S;v>(i > tfJEIS 1 
v-y'tmt%2^m^y^h\-%, B-^fy/t 
50 £oi!E u-if If- A §r RMt b* /4 ? b *3ti" 5 mSfxtL 
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[00 3 0] *^CD;^i$&3Eg«l4, ifcfttfs 

3 0 0 nmJW±. J.O 1 2 0 0 n mti.TW^Hrtt-fo^ 
u-ifft&^dfE^it-STfcflli^ SfllEW— {f#&«?fcbT 
^Scotr— Aioi'- if tr-A££j&l-?> u— if tr— a 

^«Sr*3£-f-5 W'— if f~ A£g#g:£, ttllBw — if 
f-A*sWEi|i*#f L y'7 p «>*E+»=»fiaSH^p -n 

[00 3 1 ] SfHE^-ift'-A^ftt^fjtvfc^. 

[oo3 2] tumm^tn,^^ m&mfcm* 
[0033] ifnas^ai#s-e^Hibfc#fl8*t 
-rsiEtt^i:, itfifE«g^w«s£vM4iifji£6iw«tc^5 

x-zz, 

[oo34] ists#s*^ *m><&=i-y7<»ffiiz. l m 

W^T-foo-C, '>£ < i: t>fitJieFJT/E«i*£7)S-ffc1-5lt$c 
[0 0 3 5] *fc, *^§^co^ft:^S'7 ,, li, OB I C 
[00 3 6] £fc, ^SgBS^OB I CltStO«»5tS 

v\ ~<Dtt. itjfEOB i cmM^munM&^^c 

[0037] S/c, *yf-f h'*mz-tc^->>y 

[0038] jbifibfc x. o *&wmmm&^.Jj : & 
^^mmm^mm^-xii. p-ntg-s-sr^-if 
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05 5 SQU I DmMfi^^^tzMai. OB I C«3?t<7> 

l;i©«gi&£^@&ti-57^CRS5£0?g£m^8§+ 

10 [0 0 3 9] m*tt*ffi&\i. iff- A (Ei&lf 
02W2) ir, ^LfcOB I CflBftSrSiti-SBStiiSS 

(01(73 6 0 0) „ -tHK:, ^iE$nfc^&^ttJ-r?) 
fgt-fcSSQUID^tf (12 1 £.tfH 2 <75 1 2) 

15 tff (i2©6 7 0 1 6 6 0) A,X t> \ 

[0040] v^^xcozmMmic^^xn, mi, 2 

*^®ijftgSg£:»itn. #K<7?8£3fc&3g££-t*:5.fc?K-t- 
5f::ftcD#ja£^^lr«j&^5^t;fc5 (El 3JS: 
20 tf El 4CO201, 202)o 

[0041] 5H=k^— k m&&ffi.) ±x~<Dmm 
mm\c33\,*x&, «tifcoB 1 cmm-x$ztnm 
\,^mm&&x~mirz> 4 ? ^-r^t^<o, m<D^wc&\£i& 

g«_LiC**54§£-<bfc5 (06O4O2) o 
25 [0 0 4 2] — j&dTEG (Test Element Group, ti. 

30 ttliSaSrI*I±$-&'5 ®9©603) „ 
[004 3] *^0J-Cli, U— if t— AfiB.Mco^* p - 

35 irT-T-^fcWgftffi^?:, OB I C^JE^gftixS 

co^. OB I C««$:ff«tftttli-S«>-m*<, ^rro« 

40 t*trCRjSBE|gi5S:1*Ai-S-i:t?s OB I C*«Et 
[0 0 4 4] moSSSS^t-W^XPlSSr^tfffiKlS 

45 *^»w#«*btfeait>^IBi-brv^ 0 «*ti, H2 1 
ti, *^<75^w#*s*sfe»wi"3?i^bfcoB 1 cmat 

L S I SSSatxe-CSiit bfcL S I *<73 p - n^CO— $B 
50 S:, SSl 0 6 4nmroi/-ftr-i-CLSIfy7'© 
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ob i c«aEtfs^«m«a*i i ^^it36 s *int"5 

fi> t <^SKf J5 S 1MQW^#OOB I Cfltfitfitt 
[4, ft&*<a«#Lffia s iooQ^)^i:H3 tfr«-h« 
W*lwJ:9f|jfi*ft5«»^<ttt, tr *■ • 

B I CiSgS^i^^ £ k\zj:9 

»ii*-S8wffii£:bv^i oooa*^*&*i»t-e*<, y 

— ^ t ^fc^^©od* LV ^ 1 MQ <0»^7? t , §1V^ 

[0045] ob i etna o«ias^fc«*«:*a 

*s*5IIBi:*S. OB I C«ttf8tixS««ftB6*v^H:C 
R»»sl**»ji^5#*tt* J: 5 

[0 0 4 6] (1) ^*^±ffi<0^ffiK*«BI^##b 
TV^5ie»w*3V^-Ctt, (0 2 0 

(a) <7)2 1 0 S 020 (b) (7)21 2) , ftl^*"?* 
/N±ffiO^CD«mtt^ 1 * (0 3 &t/0 4 (7) 2 0 1 ) 

X«iBJ-e-t^*tffiJwSfc5 148 (03&tf04<7)2 
0 2) CO, 2@3rSrlUm^--r^^<bT% OBICtS 

SrgkbT, S«£ril ; 5®5ftS&& (0 3&tf0 4 GO 6 , 
fc5V^flBI20^261^2 6 

[00 4 7] K^J*:fff*^^^^S:fflV>5»^^ 
[0 0 4 8] s/^^^JEfc^y^^teWit* 
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***tf. »*W«wl4RI«o?glB^|ia'C#*o 

10 K*s»j«Sixfc»T»4«^K^J*$K*v^»&^* 

squ i D{Mi4£v-rut^>y^tp#iiiu-es>^ 

15 #W±fcV\ 

[0 0 4 9] (2) ^T^y^EIK«S-h^«$n 

2^(7)51JR^[4 > 1><0^<D^^*3 0 -Witt, 
eo*v^a&EiEI» (06(7)4 0 2) Srgf** f^^p 

[0050] o) ^fr^-s/^srfijg-raxeottis 

-TS^&g- 5 ^ ^^9-Y^7>f ^J:9J4rtft8-CsK^-f ^ 

5 (0 9(7)6 0 3) o 
[00 5 1 ] ffi. ±IS (1) &t>* (2) <^»&fcl4, « 

35 ««»t-e»ft<. 0 2^^<7)S*«J^Sr^bfcJ:5(c, 

ra^^fcfFS^wtffls^fcifA^* ^ £ -cam 

±9. ffl»«SES:*mi-5w£t>-e#So ^<7)4§^<7)^ 

So 

[00 5 2] (1), (2) £-Cfo5 

fc5m^f4^y^ p rta5(7)^-e(7)^iE]^, crsims&S 
45 ttiftssn, ob i cmm\z£z>mj&&tktti£*iz> m 
22) 0 ^<dx otevtmx'&m^mttw&cDm&te. r 

[00 5 3] 

50 HffiSr#Rab-C»WirttMi-5o 
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[0054] *i\ *&w<Dm$imtii&%m<o&*mf£ 

OB I C««E*s«Eix5iSKSr«*-f*«St«K* s W*.tf 
% * l w C R «S£ 0 ?§ £ ^ h X'ffifR £ in X ^ 3 <£> 0U t? 

$>5o HI (a) , El 2 (a) (4, 

*S\ Ell (b) , El 2 (b) li, XPferi J »r$tf;Pfe£^ 

[00 5 5] Si*, Ell (a) , (b) , El 2 (a) , 
(b) W^-C»c*iiW«fig^o^TSLWi-5o U"~ Iff 
-A2i s U— if t*— A2S:l!P.Stbfc^trOB I C^»?E 
75S^-T5 p - ng^-g- 1 , ^rWO B I CttcSt 6 tfSSfcixfc 

n,ffim.&t:mi&-tzem&<omw.it6 o o <ei 1 

(a) , (b) ) XliCRaiSlHlKSrfflf^i-^^fie 6 
0tSta;6 70 (EI2 (a) , (b) ) Srdx-CV^o 

Mtr ob i cn.ffi6n>mMtz.t\££*)m±irz>m3ii 

1 fc-ttL&tfcttJi-SSQU I D8£SCfH 2 £r±Sfl*jSS 
LTtl^TV^So Ell (a) , El 2 (a) ^ 
M 8 ftSffiftlBE 9 (C^ft U *&gdBI-t<E>mfii 10ip-n 

i **j*-!-5-**>lt«» t ^HSXtt n-^tt 

V>54§£-£jj*LTt^5. Ell (b) , El 2 (b) 

[0056] *ftw<nm&m%i&Jjmz. &tt< t t>, 

ifcg 3 0 0 n m«±, JLo 1 2 0 0 n mUT<D$&mfa 
\zh% !f3fc$:36£S-e\ j5r5t<£> f— ASK** L-fc 

^^-y^ (jy.Ts ^iw^s/T'ti-s) ©sittf^ 
$ *tfc P - n tr-t oia«^ nut $ ft*. £ s i= o b 
i c?i,*t-.£9 3§±i~30B i cm»it5r»ici-fc*<73fl;i)S 
g?g Srgf S»««l«JSE»#a ± 9 «J*i" * * 2 * y 

fe^-rzmsxTvT'b, r<o^3^7 t s/7 , -e*aEi-5 

#figSt^-*5VTU— if f— ACi9?l4t50B I C 

x^vzfco mwnm& * %t£Wfcw&\~& tt z mag* 

&$&-mi8.£ftX\,TZo 

[0057] -ff)fe&&mm-t?>\mmteimm 

mirX 0 3 0 0 n mU-ks B.O 1 2 0 0 n m 

ETFtD&HrtKfcS u— tf3teSr«*i-5 u— if?t^5 1 
fc, j5r£<Df— -MimmftLfcW'— if f— A2S:4^t 

^ u-if f— A^a#a-e*>53t^* 53t> u— tf t- 
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mtt£ntLkZ\ZOB I C5.^»dct<9^i-2>OB I C 
««*i«fi-f 5«CRSr»ffii-4«3[»Ui*a-efc5 S Q 
U I D«3tEtH 2<fc, gl^S:Wtt5affllgi5 
05 6i, mmmWi5 7k. &^mW5 8k. CKDU— iff 

ffi s u— if if— Ajfe3E#S:r±, Wx-lilftjfiJrtl-efcS^ 
10 y M4«^c<D^ y -7tfmmmx*$ffl ZixtLV^ 
S:X-Y^x-^ir»«b-C^E&$-erTfc<tv>l^ ^(r 
3te¥3R5 3&»tt£*-Cfc.fc<, 3E»-3t**5 3«tt 
filtg S ^-mZWrtX u~ if t'— A 2 ^{B(^$-a:S i 5 
Ct5rttT?#. SW^CTja«]/i#SSr^i-tt 

•5, Ell 4tc^i-«t9(w, Mx(i$iJ»^S5 6ri> 

e»05^ISfs-§-('J;'9 u— Iff— ^3S«Sr*n-rs«WISi 
f52i, squ I D^tfi 2»»b^-§-SrlHW*i*a 

20 fc, if tr— A 2*5*^*2 fe*v*:fiR*tjfei:» m*Sr1t 

ta-rssQu i vmmm 2 t^Mm^mm^m^: 

t5lllf#S6 0, tVMiSQU I D^mti-1 2 CO 

fig ^ y £ nfc[E] Jl <7}*S^ 

m^gt^@^i--5^2@s:#s (la^-tti*) »i, Ei^fi 
25 -tivejt*** 5 3 &3tfrr5fi#\ 

l4le]K*«^^i-^i*;^^@S^^7'-^^ : »®' 
3.-5' h 6 1 Srgf LtJJt, wrofBtt^-y K6 IS: 
^LtSQU I D^mtfl 2 5rSt«3'f+lt-5«t:5{-br*3 
tttfJ:v\ z.<r>qm=--v h 6 1 SrfiJfflUTSQU I D 

30 

[0 0 5 8] *^<73^1<O^JS^^OV^TE1 

[0059] mi <Dmmrm\*. > y&mm 

^■Sr^i-o El 3 (4, ^ISfeaJSr^tf 
(^^i-^ffiEl, EI4l4i^1S^5r^:i-«^*#4^EIT- 
40 *>5. EI3 (a) tem&ZttLV *^±#(Og&&)ti:mffi 

EiT-fot?, Ei3 (b) , ( c ) n-tn-eir, y-^^Pia 

tf®Bf col^rW SrlgsSW K^i-Br ffiEl "C ?> „ 
[0 0 6 0]S-fEl3 (a) Sr#Bau**SbaW"f5. 
45 -tWBgi&SlO&CT, El 3 (b) , (c) t#R?,i-?>o 

«tt»fflll 0 1 *SH*bfc«Bf<?*>5. El 3 (a) 14, 
»(B<iKo7tW'— iff— A2t 7xAl 0 OCO*ffi{|iJ^ 

so bfmvx&MmizM&*&tt. jfeaEb-cv^iSf 
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X\ ^tp-ng^t5ggfl0 3<D, Xf&km&l 
Cf5p-ng^ W3 (b) ^VM^E13 (c) <D l) 

I CttSEe^ftlStH + ^i". B1-B2BI4H3-C 
ttH**n-CV^^«»#<0*«# (HI, 13(7)60 

5> RBIt b T t ± v \ 

[00 6 1] ftfij** 1 0 6 4 n mRXI 1 1 5 2 n m<D U 
— !f»>!)3y (Si) ^T'O^tf^ftl * 
^/^*ffifia^b^^^ffi#3ficoR5|t^T^5o nix 
14, SQU I DS«H-1 2Sr?x/NSffill^Ef t^S 

[0 0 6 2] *ffi«^?>^K5*5U'— iftr— ASr^Stb 
jfift^4 8 8 nmOA r if. 6 3 3 
nmOHe-NeU-t\ ft£«:flJV*S. **MfiVSS 

[0 0 6 3] ft, St*/* 5 1 2 0 0 nraSIKiOU- if 
&/B^5£OB I Cl±f3:£^3&£bft< ft5 e 09*. 
fl, 1 3 0 0nm©8*-ettOB IC^ s jfSi& 

£ c r (?5!RjSm^«SEttttii« l n Agg^Ttfc 0 , 
OB I Cm.M<Djjtf 1 /iA^bi^Uotitl 0 0^ 

if <7>J£ftS«S: 1 2 0 0 nmEJlTI-K^Lfc^tt, 

[0 0 6 4] ^OOB I CiatW5l4K«S:^<t 
fcfi< ft 5 «t 5 S±®^ffi^**mtt»)S 101S: 

o o <Dfrm<Di&m><Dmmvmwti o 1 

Sr»liH»'C«)5«*»OfflbSB20 1tU 
0 oo*^^»UTr^«8EBi!9 HibSfB2 0 1 
^GDfcST% >?^>S«g|51 0 2©Tffi«Sr*24H«-e 
fc5ttflft&t>ffiba5 2 0 2<b bTiStf, *^-b-eSfc 

1, 2 0 2MOBICtS?ltS8 (Wkp-ng^ 

t^Ufo^o ««K«i9(HbgB2 0 l, 2 0 2OBti 
3b*>B 1 -B 2RBS:ffli»*^»«fr6 0 OtifSt^: 
i: lei 5 OB I c«8E^aat8SS^#l^:Sixt5feSfl;aE 

So 

[00 6 5] tt, 013 (c) B1-B2 
ffflfc:* S*6 6 0 7 OSri^iJfcif Ab-C«SEa 
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i5tw-T5wi:t>-C#5. fl6 6 0^ffifct6 7 Oil 
^t, lS©^ta52 0 1, 2 0 2^*1*6 0 

05 fflB^OB i cm^e^^^^Srlg^ftv^^^lS: 
tf«aft& 9 HJ USB 2 0 1 , 202 \z.m^it.mx\i9m 

[0 0 6 6] OBI cnm&V^WRU&XfWffift 

bgB 2 0 1 . 2 0 2 £ O B I C*SK055^jB (£:Pfi £ P 
15 -n«-£<7*fr5ffl0f 1 0 3) -ettafcV^fBH^**"!-* 

#ffibfcl5 5rt s #** s J:v^"C. OB I Ctt8ft36*H5^ 
ifi#fc: S QU I D^*ti- 1 2 «rE«-r5<0as»*tt-e* 
3 (14TSQU I DffiSfctH 2^ffi:B^BflttT*v>"C 

[0 0 6 7] OBI C«SK3g*aRtt««CfigSt^: t ft 5 ^ 
-ift'-A^ffigT-fo^^b, iffc*-^2(0^ 
SQU I DlKSCtH 2 0?*i*MSt«»4H*Ufc* 

25 [0 0 6 8] JRlO««»llB^>ttm-ol^, HI 

5 07D-ft-hS:#fl8U 0HrT, H3, 4, 1 

3, i4t)ii#f,u^^«o rrm Hi- 

30 [00 6 9] tf, ^x/n1 0 0 G>*ffi^B5l£aMtttSf 

a i o i t^m i,tL#.mx% v^^i oo<Dmm&*)iti 

bgP2 0 1, 2 0 2Bt4b*)Bl-B2MS:*lft6 
0 0t««o ft^, ^x/NlOO^SQUIDif 
W-l 2<D$£m*7££>Z>o — «W*wtt-e*5R0iS<5W5 

o^squi dbmi 2<Dm&M&<om&nmM\^t£ 

V>«6ffl^tgftPR9ia<5Jt5-i:^-e#5 0 0. 1mm 
aflE*"Ctt#»K:iS<5»ta ir ^T*# S c 
[0 0 7 0] u-if %M 5 l -e«* S-Grfc ^ 

40 -1f*«r**UTWfto^-^atbfcu-1ftf-A2 
SrflBItU IffcT— A2^j»jKSr^*^±Op — nS5 

[0 0 7 1 ] W:, SQUID«StH2S:^x^lO 

o<7)ii: ft ffi -e^ft £ * -r if if— a ^ 

45 ft SQU I D«*tH 2(Df^»fif^, ^ffi^ 
50 1 0 0 t SQU I DMMVr 1 20ggg|hg£t 
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mntc&.ux*hz>o *mmmm<owr&. mmm&vmtf 

W<t£Z> ls—f ¥-J»<DM£.®M S Q U I DB£j£H- 

1 2<75ft«sr, mnm (124) t-il-c, mm^'om^ 

2 0 1, 2 o 2z&&&mtw.-%xfa<v3g.mK * 

[00 7 2] KK^^fc^f^-frT. U— ^*t*-A2 

tau &mvtzmm^fccxm&mn^^-z&ffimz$i 

mW5 7lcl£t§U #*T£/&£;hJt»^«!£vMife 

^Hlft^l^ilb-CVKo ^ffiB£j£^s^*Jv-rxjt (S 
/N) tf+ftx^ flgI5 2-C-SlJ®^«5 

6^<b<o^p{f-§-(c:«t9 u— iff— A2oKSS:SiS 

n-5EHfe («T\ jfeSE U~~if S Q U I DfttV N ?) ttO 
B I cmM&£.®M&7r : 1rh<ntti:Z>o *fc. 7=^± 
•ewAftfi'iOB i ct««4fiitt> u— «ftr— a<d 

[00 7 3] OBI ClM4fil^\ jEfrfcfi]?f*\ 
&>ZMzfcft-rz> 0 El 3 (b) ©l^wJ: 

-g-ii, ob i cmffi&4E.&m<Dm.<*±izv-?xm&m 

5 0 1213 (c) <7?»^<0<fc5^rtgBiai^S:^J*i-5ie« 
fflSJH 15 1 *s^ffi^« LfcI@T-maiSrff b 4&£*tt> 
**ob i c®jftas3g£i-£&gT\ ob i 

tfc5Sp B nf©il2U-fSQU I DffeirJfctfc-f-S. tfc 

*#**mfr&fc:H:, ^o&p^^/wT^ttic^fc 0 

AS^rfiJS-rni^iv^ 2oH*r<E>*g\ EMt-liOB 
I C«SE^«ttix*V^-Ctt J T-if>3e»fc«»ffiK±«?0 B 

(CjE^p p nT-OB I C«toS*ft5&T-»i, 

Tzmmbnz, m3 (t>) tms u) 
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ti£b t£T.mx-mffl b Wr&ii. &p a n£ got^u— If 
SQU I Dt«lt^t5w tl«f ffi, 

mz.t£. m»&ms ecw^Bay 

05 ^r\cx 9 *©MPU'CMli?'f 5 J; 9 (w-f-tui??!!^ 

[0 0 7 4] lE^pT-fi^^^T-ft^OB I CfSt 

/5S36£Lfc&fi, ^vMiM^i-^^OB 1 cf^«!f4 
L#V^VM:9£*i>L. T\^5teg (KT, 4t*-COBI 

10 ca^tefit-r?)) s:ji-^i-<-f sfc«>»=r±, 

iSilSi^-fSQU I D^lfcVMi^rW^lli: U— If* 

15 »iiw<a«srw»-*-4 r. t -e, • mmm&x-z. m 

[0 0 7 5] f*h ffl—^y7X't>nm&T<VUg.&&Z-2> 

[0 0 7 6] V'^y VWmmz^&J-vyX' 

xmMftZ. bX-h^tc ^.<7)f^tb^yjm^:^.b Z.bX\ 

25 &^mx\3m&xmmrz&>'?iztt!&t£mm i k. v^mtt 

[0077] ^SMtix-*?^—?— (ont&x. ^v-ffoU 

30 !S«3«W*s J e5«C*5»^'d»*)5o -to? J: 97i#^-tt, 
u—^b^yycDmMiZm&mizL-tcti-IZSQlJ I DS: 

xb^^M^mi^tmmxh^iK hzmmnn 

35 [0 0 7 8] **W»rJ:-55fe36U— If SQU I D4fet U 
T-fe5„ i/-ftf-A»t*-Af?r > u— if^twfefti: 

40 ffiS4 8 8nm<7>Ar U— if SrfflVVfci§-§\ ^UVX 
©IP^O: 8 OT-fo-5 (Hli»fPSIf-l±^3 7 0 nm 
T-fc-5o r<Wfi&rofjt*-t:-OB I C^^{S»S:#^T-# 

[0 0 7 9] ffij, ±EttWCttJB2^9 1 y^*5WS« 
45 sftSSgSr1«^-r5.*fet LT. 7x^l0O©*W|lM(l 
6 0 0 i 9 5 Hi LSPB 1 - B 2 RQ 

SrSiKbfc0lJSr^Lfc^, ^i" Ut>^^^^ 1 0 O^fC 

50 5fcA«J*Eit6*roiE«AJIl8!tS:4Ki-t-5lSS:*2x 
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H"C, (a) , (b) li^ix^n^lSIEIfe&JSI^Srit 

a bfc*w fc * 2 m Mm&mmzmm bfc«»-c*>»rB6 

tfl M^tfTvi^-^A (Al) BSSr^-n-engfj&O 
J?$«S(UV^o ^V*^ ha5^Jg^2 2 1 £ b 
Ttt, fisW'f K (T i S i) -^^n^yif 
(Co Si) ^gfJ&a^y T^JRJR-^ 9^?* 
^ (W) wJ:5*^7^*^S:fflv^5ri^"C#. 

bt-R8^Snst^"et>*v\ 0 2 0 SLUM'S « 
lJfA 1ISS^2 1 0Rtf»2iAlBW(!2 1 2 tt, 

■tn-pnsritaibfcaw-e, ob i cm»£<7>®flftss££: 

SBKfMSllA 1EKW2 1 0©*&tt, I5£A^ 
it^p-n^CTlTOB I cmM(OMM&3&&M 

ttfctt, «*tf nl!«1ft««2 3 3i pISS2 3 0 t 
■C»fiE*ix4p-n»^7 1 6JwU— !Ptr-A2^flSlt 
hS524 3. ftlgA lEflMft 
2 10, nlfit®«a^^ h£H2 4 6 Srii^«SSS 
K* s MSftOB I Ctl2 6 3^«4t5o Sfc* n 
SS£«««2 4 1 i pS!*fc»S«2 3 1 K«^^> 
p-ng^7 1 iffcf— i*2asj|R4*$*b5i:* p 

mimm^^9 9 y^2a s^u^iia i se& 

&&&J&!$L£tlOB I C«flfc2 6 1 d*35*"t"5o 

[0 0 8 0] 4fc, S^¥g^2SIEiAl JS2 1 2 
(DWrSte, O B I C tftwtitftKSr^Tf 5 p - n 

*iL 1 - 2*M^?LXV»2*B«AJlR«S:ftft"r5 

nStfc«®*S2 3 3 ^pISffi2 3 0 £ T?«J* S *L S p 
-n8^7l6li u-iffcf— A2S:HR«'b-Ct>«aEft 
Wi*t*f4v*ftOB I C«^»iSKn*v\> b£> 
U nM&ftffi«2 4 1 ipSM««2 3 1 tXMtfL 

p-n®-&7 1 if tr— 2K2dSfla«-*n« 

i, p Sftt®*^ ^ 2 4 5 5:^ ttg l i A 
1EI2 15, l~2*W«j»7L5SS*A«2 2 3 5, ft 
2lAlEiK2 12, l-2AmiftR7LX4t^JK2 2 
34, ftlSA 1E«*2 1 4, nlffiltgija^^b 
95 2 4 4tCj:t)«g£SK^^;*ttOB I Cm^2 6 1 
*S3S4i"5. Sfc, afcfc-CHSbftl^ 3E^#<<^E 
j»SSr^brv^»^fc, raWfcb-C-tix-en^EjlftJB 
Sr»*-t-5&*BIS:*B LfcWTC* «■ pTIB* P - n 
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16£*<-Cfcu— if fcf-Acofigtt^J: t)OB I cmSfW* 
tni:i5?848*l 1 SrSQU I D«*fH 2 

x&m-rz rtiat) g&*<^^«:fc£v^ y — 

Ifett if ^*«SS:»fflT# So 

05 [0081] v—9xmmm&&z>w&&. 

i20 (b) (DltifcOXfl, 2 12 GDIS 2 A 1 

(D&F£<E>ig 2 0 (b) irHDflBFr<0»fffiS:ig2 0 (c) 

^b£>-f% in 20 (c) ^H^bfcteH-ett. 

10 ftUl^^i^- !fH8WJw#9 0B I CiatS:^4t 
5±5 4*Sgtt*v\, nlj£»i^^^h32 4 4 
tt:SS*$*LT^5ft lJiA 1 ia^2 1 4 i: 2 4 3^S® 
^y^^ hffll£S«£;h/CV^ft l«A 1 ESS 2 1 3 t 

15 7 1 7t?U— 1fflWtl^±!>, StR^V** h£B2 4 3, 
IliAlEiS213 > !)-^W(S8 6, IllAlS 
j»2 14. nSfef!l«3^^ h32 4 45:i^OB 

[0 0 8 2] U-f SQU I Dttil^ffitt^] 
20 SrH2 4fcl?Ki- 0 13 2 4 (a) #WIM&0>*3iEU— IfS 
QU I D®, 122 4 (b) «M^2^-f SQU 

I Dlft, H2 5*«M»«W^y^Wffi^KIMi»f*: 

^i-m^HT-fc^o ^(Dmx^-rmm^f&^F i b (fo 

cused ion beam, iMM^V^— A) SrffiV^AlWl- 
25 fE9i£^«fc<aT-fc£o 02 5^S^iStt2t*»fctt 

@ 2 0 lOf tfcCMO s o*jgt i^D-r% mtzzmmx 
MiSfflj^*Sr*b-Ci^5 0 H 2 0^1~^K:5B^fc*ig 

fcB8i-SRWtt*s:**b-cKWi-a. H125 (a) ^ 

*3WC\ W~ if tf— A2i&Sp-nS^7 1 7lwRgfit$iX 
30 Si:, atR=»^** h^B 2 4 3, f HA I Wm2 1 
6, 1 -2«PflS8tt?L^«&JR2 2 3 3, f2fA I IS 
M2 12,1- 2«MS)R7L%4t^JK 2 2 3 4, ft 1 
■ A1BS2 15, nStMftflW*^** h»2 4 4S: 

iiSOB I ciS^Six, u 

35 SQU I DE&UCft-l 2fc:J;!>tfcttl<*;h,5c> CI <7) <k 5 <C ^ 
nir^-e#bHfc^^H]2 4 (a) -CfcSo 
V If OjKStt 1 0 6 4 n mT\ ^ v ^gfflll^^ 

bfifWtU SQUDK^thtt^y^iffiJKlO. 5mmfif 
ixfc«Jrfce«bfco g)24 (a) x»*ia*3j:U*Tfc 

40 abtb5Hv^=2 V h^E!2 5 (a) (7) 7 1 7 CD p 

- n ^ \z u— if *5 RUt $ n fcBR i^** b «t s 
ayh?^hk:«at5. wOlftS:Si»bfc«, HI 2 5 
(b) C7)gttt|^tt2 8 4T^tJ; 5^»fiiW^, 

45 ^, :ofy7 p yK«#UcjlSi/-f squ I DM 

El 2 4 (b) T'fcSo av^RlT^bfc2^"eHV^=i 
I BT?W^^P6*fP95i^ffl@f»-»Ji5b-Cv^o 

^<D£5\zwim!Km*> : fr&-rzzkx\ u-if^-^2 

50 ^p-n8^7 1 7fcBR«bT<>OB I ClMtl^ 
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t^sao, Ei 2 5 (b) ^e^Lis^te 2 8 5 -e* 
2 8 6 T^sixa «t 5 ^arassaaasa^jRgBo 

U: ft 3*3^ «8KSK^-e#ftv^»^fc#<. ±Eta 
ftSBK»«:««i"S <o *>4§^K: iot ttffiffift XfeXib 

§9 0 **i»R«tt*ft< tt>««W»*««^^— 9 s 

[0 0 8 4] HTt^y^-^*^y^^^* 

efl^»ft8S£a s T-# 4 r £ Sr*i-*flc«SrRWi-« 0 
fflV^i^^^Utt*/h^ffiO. 1 8fim(DB i CMOS 
^ct^Srffll^Ktt ' S^bfc, 3«AlEi»^LS 
Itfo^o ^5/^-fXli3. lmmOtlOOt 9 ^ 
QFP (Quad Flat Package ) \Z.s<ytr*~ 

n»ttESD mmmm «»sr*TV\ ii^s^w 

^) ^a.Jait^rrofco Mi/-f SQUiDSia^I 

QU I DlCi5«iHI"eJi> 1 06 4nra^S*(Dl/-f 
LtSQUID-e»*ir«HiLfc. @2 2Mt°^«f 

»j:tfctt«-e»ftLfc*« SQU I D«, B2 
3 a^tr^SrffiB Ufctt«T?*» bfc** !f s QU 
ID«-e*5. (a) a^Si^^A-^, (b) 

^{£Sr^t*3. 5mmD(OS«-efc5o 02 2£ 

0 2 3Sr^T-rC^^<av^i, B2 2fcjfc'<ei2 
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^fcrir-efc^o ail^ayh^Ht SQUID 

2 2fcJfc-<* £l^«:fi|&bfc*#^Btf»b*:0 2 3<D 
<Z>#*"C\ (a) ^ftto*>*A^V:/yW>lfei: (b) T 

av^ttS*-cttftv^5 x 02 3-eiim#^av^5s*-e 
i5 4«©8 9*. i-ft^^^t°^^^L.^«fli-e* 

9 s SQU I D«S:S»tSr £T\ ^*^r^nr 

*U^^ s fB!*tw^fT^L^> ^ n bXh% 0 mii> 
20 O^-y^SrlftaEi-Sfc*^^*. ^r^h^o^j^ 
f&ftftifSrl$oTV^4&^lctt, fijjfett^ftv^s. ^(D 
J:5*r^ h<Ofc£><^eft^— ^Sr^fltF^ftJ^TV^ft 

*J::«fc5«l^i:Sft?>. f^hyo^^^MM 

-e*5 0 ***cWflBftLS l7 t ^*S:tttoft< i: 

[0 0 8 5] *«Mo»2^*lS»lB^ov^TEI 
30 ffiSr#fl8b-C»»^RW'r*o 

[0086] m2commwmn. >*y^— ^ftu-ea* 

^3 o i ^Pi&^®^^J*SiWi-4fc^o0-e, 
(a) , (b) n^tth^tt y-?xf& com& t is*ttt * 

40 [0 0 8 7] ^CQ«^^o^T, 0 6Sr#figb 

ltt, 0 l±l^7f y^t^T, 

45 Snfc^y^*B5«S:iaKK«4 0 1 tw^^T, 

ixTi^„ ro«lft-eH:, u-f t^A2iif 7^3 0 

50 a«T»V^**«U-1f^lll*tttf i<*5^^«*l3 
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£xm&&±&&o @8SS4 0i±mt BVttt&ft 

O l ±l:^»#ftt 5teOr/M ^^Sfp4 ^I^Hb 9 
ft<, IWrSttfcSf-j/^a o io«W« s "C#5WS 

ft<, -tnb«r««*v^B:*ft*-fr«-i:t>*v\ fcv^ 

[0 0 8 8] E«»4tt«K:BB«i"5t>«>«>***^fc« 
::TU BH»i-*E«tt, UKEIfti o l 2 k^y? 

&mt ¥\mM<owMk i o 2 2 -efc o , d ai uas 2 
03, 2 0 4 on, -r#to*>c 1 -c 2<^BBttia*six 

o£5ft*t-et>£v\, 

[00 8 9] r^-e, r©J:5ft»*sJMW?«-ttif 5ft 
oTV^^SrRWtSi:*^, &te3S£ffi3ffc O B I C 
p - n»&«>H»3»s*«9lw ^ 5 ft or 
v*S^«:lMH~Sfc*fc* ^Jirb-C. 12 7 (a) 
7 (b) Sr#HRUftdSfe-t©«|*SrRW"r5« 0 7 

(a) tt, H6-e*bfc«Wf»*-e*>5^y^3 0 IK 

y-^^(fe*s*5*&<O0»S:«W'r5fc«)l-. CMOS 

■r.ttfe^raNF^je#rv^5rfc&ft*"r5 i b^)"cft<, 

[0 0 9 0] -Yw^-^IslKSrWfiRi-S* 1 ?-^ 

£o pftv^MOSih7^^ (£TF, PMO 
33 114, naaMK«"e»J***tfcn«>*^ 
3 0 3©*fc«/*Stt-C*3tK y-^tfKW^i4 
3p+&l«!IJgc3 0 4£, y-h»«Bl9 l&tW-h 
ig3 10 1t«^^TV^ o nft^MOSl 
h7>"^^ (EAT\ NMOS^t^) 3 3 2I3:, y — 

[0 0 9 1] #C^, ^Sr«fi8:-t-5fc«)CO*g*^ 
oV^PW^o AM^3 11(j:NMOS 3 3 2M 

pmos3 3 i&jj<Dtf-hnm\zmm2hx^z. m 

ntt^o PMO S 3 3 1 y^-^li0 6 <^tllfiE 
§101 2—. NMOS 3 3 2(7)y-^ttHSSn^4 
t«Mfl*fl 0 3 2— t^lSixtl^o PIS« 
3 0 2 ft. El 7 (DSSSffiSa^ 3 10^06 OiE^ 1 




ftBB 2002-31 3859 

1>T, @&S«4 0 1±-T? if LT»*h,5 

-toy— ^^te^«ia-e*5^S:Ki«i-4o 

05 [00 9 2] :y-^^81ttPMOS3 
3 1^y-hltl3 10 1^ n^x/U3 0 3«L 

fc*fi\ -rft^^y-h*fe»iW9 i#g«Lfci*"ek 

5. A^T-3 l l 

nfeia^ (13 6-ett^uTv^ftv^ iste^s 

10 1 0^»jK*nfcH6^iEi»l 0 2 2. -efcSo 

y-**te*Mlp£Lfc*£K:* n^x/u3 0 3 

£ p!SS«3 0 2<a|HJ<0p -nSS-^l 0 0 1 ^OB I C 

®^3§£W£ft5 0 
[00 9 3] (4&^2) : y^*P68 2HPMOS3 
15 3 l<Dy — xm®t. n *3i^3 0 3tfS&»Ufc4§^-C 
fc5 0 CCD^MtCftSOfi, PMOS331(Dy^ 

«ffi^S8BtStifcEl6<^a;jgia*li 012^ Slgtttfi: 
iffi^-3 l omtttsinitme<owmi 022. -c*>5. "t" 

ftfc>*>, r 0»^^BI6tc:^Lfcar&^te3i-So -o 

3tpISS3 0 2^p-nS^l 0 0 l^o B I 

[00 9 4] (*&3) : !l-^B8 3fiNMOS3 
3 2 (D^— Mt« 3102h n +ffii£»ffii* 3 0 5^ 
25 M^bfc^T'^^o r^^ittl-ftS^J*. A^ffi^ 
3 1 l^«KS*tfcBli (H6-Ctt*b-CV^V^) fc. 
StKttffiiH^s 1 0 36««a*S*tfcH6OEiHi 022, 

n 3 0 5 ipiSS3 0 2^p-n^ 
30 1 0 0 3 tf*OB I Cflt*03§£iH£ft*o 

[0 0 9 5] «f^4) : y-^*l68 4f4y-ht« 
3 1 0 2 £ p 3 0 2 asj&flg. bfc*£\ "Tft:b*>, 

-&j*^*5ott, a^^3 1 1 irasfiwEH (12 6 
1032, -c*>*. :^)^<)s y— u 

n+jflMB*3 0 5 i:paStt3 0 2OR|O 
p-nS'&l 0 0 3^0B I C«8fcO«£JK£:ft5o 
[0 0 9 6] HR<OCMOSf^^tlir^i54S 

u 1 Doj^ffl^ - - -e-gx x^t^w&nwzm^ztxzwi 

45 "Cttftl\ 

[0 0 9 7] #ct;i, »gti|l*^(6<^*&SrttW-f-5o El 

7 (b) tt. a6-esi,fe«Wf»ft"et5f o 1 

CMOS Tit Lfc>f w*— * [g&<a3ftT-«fig<E>Wr ffi Sr 
50 «*WK*bfct>^"e*5o S*fi?)4**ttH7 (a) 
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WfBlltfcSo El 7 (a) (Dm&bft* n*i/U3 
0 3<&4«K:n+*£«««3 0 7**WtfeftTV**jftO* 

aw^So i^n+ra®tt3 o 7iimaiia^i o i 2 

^$^*CV^c *»tt* 2 8 1,28 

2Sr*bTV^-5o :^telin+fi»fi«3 0 7OlS 
^&««EI»1 0 1 2^T*COm^^*^#^ ; 5ffi 

m e comaiia^ 1012^ s*smffiffi^ 310 

Sftrt:l26<aEIiRl 0 2 2, T'fcSo i"*fc*>. 

^»2 8 1, 2 8 2^#6Lfct^^ nM^/l" 
3 O 3 t P SfSffi 3 0 2 0>BB4> P - 1 0 0 1 id U 

amHHikHMK* 2 9 tti 2 o 3, 2 0 

4£l£tfSo ®»ftl& 9 tti LgB 2 0 3, 2 0 4Ofifft 

isift5ri:t, -tO»ift5EUk39«EI*»IS4 0 1 _h 

[00 9 9] -r*fc*>, *»E# 9 Hti USB 2 0 3 , 204 
w»tftb*»C 1 - C 2 BBS:«B»*o»«#:^ t 0 

xmtmcxtbZo ui«saiwtiiift5««, 
■et>±t^. m^feK4 3 ^i£iKs«4 o i ±<D-&\,^mfo 

3 0 iem ^o±5*W-JH»*««B»4 0 2 t-f: 
K *08*S:ftliJt5SQUID 
8«fH2S:*lfc. ttt, *ttKii*o««W«JII 
-C, «W»*^*5^y^2*HT-BB^«flE«BE»^ 

lioB i cmmmmxzzz t\t, &±G>vsn>*hm 

[oioo] *2^H16»lBo»ffKov^-c, H 

8(D7u—^~Y—b\^^X, 3SS:E3 6, 7, 13, 1 
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[oioi] *i\ 0sss«4 o 1 ±<z>«»E»9iiiUfB 

2 0 3, 2 0 4^WSr. fiHjtft«POS*$tbTV^&V^a 

5@SS«4 0l±<oS«iEllt% fiftkffieiftfta'ft 
<, LTV ^-t 5 4tlWt?, #ttlS#8Ba 

-etSffijfrSratf. SQUIDl^ffl2S:ltt«o 
Oaotit ^i/^3 0 l#£i:SQU I D^mtf 
10 1 2SrB«b-Ct>±v\ UcKU— tPbf— ^2«rflMtU 
if tr— i^2W|iS:f5/7'3 0 1 cD^ffi{P!)^^ 

ti*4#-&«u iftf— ^2(^^/3 o i wiaw 

15 [0 10 2] ^^w-^^-^2Sr^ij!j$^:-C^^^ p 3 
0 10*SS:BB*&-t-5o f^3 0 1ftifiHSQUID 

20 -et>*v\ if tr— AHi^f 5/^3 o l ^3fe3fct p] 

«IUHa^<0*^ffi:«tt, 0 1 Ji<D Is — If If — A 

i»JcSSrtSC tl^J: 9, OBICt«*4tt 
30 fW5l<btW^^ib^^fc^o OBIC1S1 

[0103] obi cagE^g^ffiasr^y^te-esa 

[0 10 4] tf3fea(E<ft<OffiM^» 

*3 9T-fos 0 if tr—A^tr— if3toifi 

50 t-, $nm<nm&bWL&&mftZo s«io64 
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nm^YAGU-1ffcJH^fc»&\ »»U^X(^H!P* 
#0. 8 0T*fc5t, EtffPS^te&J 8 1 0 nmtfcSo 

[0 1 0 5] ^ft&co^Sli:, OB ICiS*4^*i^ 

jllU-fSQUID^ ^V^^IE^flgT^^u- 
if SQUIDS fc5^tt*ftfe«:Sfcj£ftfc^£tt 

[0 10 6] *3BM<OfS3^1fc»«^oV^rH 
[0 1 0 7] *3<^iaS^<Btt, TEGSrffl^Tfy^ 

*«-e*s. *<D*<0ft*Wft«*:»-*-*** 
^^"CrfcftVN, 

[0108] HI 9 tt#583Btf>!B 3 (D3IJ6^»<o±§|«j^ 
SrS*«HCiSi-B|-e. (a) tt^fcspffiEU (b) tt 
(a) <0P«Otfcfc¥ffiB-C*>*. BIO, lift, H 

[0 10 9] £1\ £«W«J«fc:oV^ H9«r#JRb 
-CK^-f'So ift^^CT, 01 0, 1 lSrigS 

fitffMTEG^D 5/^ 6 04 1-6 04 5^ 
6 0 l±fc, MBOTaR^f* ^ K6 0 2^ftWj^ 

H*Ht*±5fcE«SivCV*3 0 iftf— A2lifj/ 

^^AltUSQUIDaAtH 2&*ffi{J8KE«bfcfS 
t»8»tSQU I D««tH 2t«BS*«- 

[0110] *sas»«Bt?»» 1 > ts 2 <D%mmrQm 
6fls9a*«««*ffle»6 0 3^ 

yiJ^»«LfciateSr»fiS;U-Ct>J:v^ 0 HT©R«t?ll, 

eiko*-? P - nm&m&&mi-z>mm&&*j&j&-tz> 
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0 9 (b) fC*-r o «f$TStTEGypy^6 04 3(^) 

5. te<E>fls 9 5i*««ESKfflEj» 60 3 1, 6032. 
6 0 3 4, 6 0 3 5ttjWf»*TEGyny^6 0 43 
05 £20 LTV ^ D ft, ^9 3i*mSESKffiEi».6 O 3-C 
^ 9 3&3riBftE&8g;BEIft 6031-6035 

^^^/g^co^r.T^^brvN^fc^. squid® 

10 [0111] Jfcfc, )Pf»tTEGyny^Of^«5r 
010, 1 1 Sr#JIBLfcas&K0J-r*. Ell Of*!/-;? 

£tfcW^5fc#<£>II|-C, (a) MiSpffiEk (b) tt 

(a) COX-X' ^trfp^ofc»fffi[lIT-fc^o Ell 

15 l nmmXfaZ&mirZfrtblz&tfbiritcTEGyuiy 

^ (om^mm-r^t^(omx\ (a) 

(b) W: (a) y-y' ^©ofcwsia-efc^o f*h 

|oii2]*f, y— **te^»^l-ov*-c, 01 0 

20 &&mVft&bmW'tZ>o pIIfi3 0 2i:7>f-/l/K 
MI3 5 0, ni?x/U3 0 3WU nS^x/U 
3 0 3^tHpft^/UMOS hyV^^^y- h 
tffi3 1 0 3 4T^«^tlt«^^oTV^ 0 y~ 
h*ft»ffll9 3li. nl!>xyV3 0 3±S^ffil:t5o 

25 *<^^**y-h««3 1 0 3^9, f^Oii^fiaEft 
KffllSi6 0 3 l^-Sllgg^ntV^o piSS3 

0 2 4:*iiS:tSBW-e»*SixfcpH-tt«««3 0 6 
tt, p+fi»S«S9tattffi3O6 6i:J:0, msss 
SgffllE^e 0 3 1 <Dft6.co«8^^jgg$ixTV>s 0 ^^y- 

30 b«ffi3 1 0 3 t p + J£«S«Bl9fcHb«ffi3 0 6 6 <t 
SreBK"t-5«fltSKfflEj»6 0 3 1 te, 13 9 fc0W:*3 
<t#^££:i39, jtf>"r-< fjfs<y K6 0 2 t^iy^m 
JHSB^IB-e^y^Sr— JIUTV^o 13 l 0 M^l-fcy — 
^Pfe8 5>^ ^-Hffi3 10 3^nl»?x/U3 0 3 

35 Srffi»bfc±5ft»&^*, nI^x/U3 0 3 ipSS 
i3 0 2 p - ng^ 1 0 0 5 Lfc®StSSS^ 

W/i&Sft, p-n^l 0 0 5(CU— if tr— i^Srfigltb 

fc^icoB i cmsft^gftixSo J: 9 , y— 
8 s^m^pjfgtftSo 

40 [0 113] Igffiif *^P6<E>4§^U:oV Ell 

1 Sr#flSbft^bIftl^i-ao «»tii*^ift«rifciai-a/t 

^cKtt'bfrfcTEG^n 5/^604 2 <D«|3S*|-*rtSB 
ISi££ 7 0 1tt, p 9 HU 3 0 6 6 £ , 

n+*tif[««BlDaib««3 0 7 7 <bT% p-n^l 

45 2 8 3^Wi!BiSsl*sn-Cv^ 0 ^ttfciD. &^*t#i 

F*3S&ia;£*7 0 1 j&Sp-ng^l 2 8 3 ^MSBSrSftf 

*fc, r<^«3S»*rtSBEJ»7 0 1 tJfe^Jfc^y^ 
(^Jl^Sr-il-r^f^ 9 ii**SttSKffiEj» 6 0 3 2 # p 
-n^l 2 8 3^«i^tttfc5 (EI 9 (a) t> 

50 #«) o :<oJ;54«Mt5-tia9, 
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Pfe2 8 3i«#«Ebfci:#fc, u—¥t*-ARSM^J;t). 

2 8 3tl4t50B I CStsft^, f£9ii 
^•«SfEgSSffiia^6 O 3 2»'fe v oT^tt, ^rixtc J: 936 
^•TS^^/iK SQUID^3£§H2 (0 9 (a) ) X 

12, rcDJ;7ftOB I Ciltt. ffiSt«5/h$V^3S«* 

^m»£g?§fflie^6 0 3 2lC5£ix-5«Stlir<^h-e*) 

fflia^6 0 3 2^M^5«M^lt^-t" ; 5fc*, ^H&Wff 

[oi i4] i3©^ifs©i^c'5v^ > ia 

1 2«07n— ^ — Mlffiot, igS:El9, 10,11 

t>#BRLfca«felM3l-*. fEKttW Lfc** 

[0 1 15] fyy6 0 1 ±co x «? ii^mSftS 

ggffllEi&fl 6 0 3 ±"C\ SQUlDiSSH-1 2»T^ix 
Tl,^^2if?glIi!)iSt5. SQUIDffitE 
tf 1 2 tB5&f-5<£«»±*WW3K* s **i: *54£«Sr» 
-£ 0 r©ffitlH:**Betel4, f-y/iiSQUlDW 
§fro^jfc|$ffiEBtf>gg8thrtiW\ IB^6 0 3 
T^Ufc&B-CfoSo JEfllftteBtt, Miff, Ell 11^ 
^ Vtz.tfi&#&MBte 7 0 1 <D«gtlf^PS 2 8 3 (CtB^ 
■tZBffi&F I B-C»f«IS-Brfcf-V7'^SrfflV'>TSIJB!l^ 

[0 116] &KU— if if— A2&R8WU iff— 
AOiMfy^6 0 l (D^ffiir-^fc-frSo ^MM^m 
<o £ 5 f-, fy^6 0l cDXffitfJ^'C'ik^cifliJ^t? 
fc BMt^I«**&tt» U— tf ^2ttf7/6 0 1O 

[0 1 17] ftCU- !f f— A2»dJ:2>*SSrM*&i" 
|±. SQU I D®*ti-1 2 if yT'e 0 1 Wffi^f III 

H* s J£v w— if f— A 2 ^t&ti^T-ftv^ 
fc*, fy^6 0 l«Sr»»S-e:5»a5#*et=*m-C 
i^-flT-A2tt5?-y^6 0 1© 
*S*W<jftjfe3£W:> u-if t'-A2Sr^t!J$-t^S^f•s/7 ,, 
6 0 1 £*£tb£itr-57Wc||gfc>!Jft< , v^fixfl^'b, 
UlrMTEGya ^ *&<o^£j££i-;h,WEJ;v , >;fc«>v 

fcv 01 4«7?J;5»-^P^B5 2-eu—lftf- 
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[01 18] &ffiBS3£«0«5M£Btt, 
u— if f— AflSM&B»c>tJ-J^b-C*5»3 , U— if If— AW 

t>*> (u-ififesife) t^tsrtiao, OBI 

[0 1 19] OBI C«»S^ffi«SrA J ^i-<-r?)/ci6 
io fctt, if SQU I D^t u-if* 

Sft 1 5:liJ^i3*-C^tntf ±v^ i fc^i. IS 2 

(4, OB I Cia^oy^SrTEGyny^^ttt? 
ST-JKUgiir-r 1 ^©05/ h^^'M^I-SW^ft 

[0 12 0] *fl«I(i5l#U-Cfc5^p D pT-W^^-if s 
QU I Df£, ^lM4jE^ffiT?ro^SU— if SQU I D 

iDct?*>5w-e, ^li^B&i-^o fcfcu ^mtfajtm 
<dw&\±. jE^t£^mm^i^s>^^~- if SQU I 

30 [0121] 

&&z-£ttmcm*: j &m&-£tt » - * t v ^ • 

[0 12 2] Sfc, sS^-r-f vm^3k<r>m^ 

40 te, f s^-hST&fS-ea^a*^— * K5r^5* 

tt^: tf v ?r ¥ ffl ft if -e®» b y 4r y Mr Witt Z ft if 

■&Sr#«i-?> w t ft < s *««jao#«tt-e^isft*s»a 
x%z<dx% tfo^mfcT'&<DteWiz.is^x\^ fe&m*. 

45 9^6i3ft^i£^gBi:ftSi:V>5^i*'b#bns. 
[0 12 3] Mtr, HSLfcEKayKiOte^^-Y^ 

50 9 S*spWft*aE*«'sr«Bi: ft^> 9Mii s f#f)^5, 
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s6*a^*&, (b) \tmi^iK^m<om^(omx* 

fc*o«*W*BI-c, (a) tt^— hotter) y—^^: 
te*tti<0*g\ (b) i4«gtii*^»*ai^»&^H-e 

[03] **B^(D^l^|IJfi?g<SS:KKi-Sfc*^«S: 
ftftH-e, (a) ttS^v^tt, (b) B:^— hftflsK 
coy-^^teBiiS^^&cQ^, (c) EHggLif^te 

[04] **iq<7>»i^iiJfi»lR*Ke«i-*fc»(^«s: 
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